Introduction
============

Subarachnoid hemorrhage ([@b1-etm-0-0-8240]) (SAH) refers to the rupture of diseased blood vessels at the bottom or surface of the brain. Blood directly flows into the subarachnoid cavity to cause a clinical syndrome, also known as primary subarachnoid hemorrhage, accounting for approximately 10% of acute stroke. It is a very serious and common disease. It is reported that secondary subarachnoid hemorrhage is caused by cerebral parenchyma, intraventricular hemorrhage, epidural or subdural vascular rupture, and vascular perforation of brain tissue into subarachnoid space ([@b2-etm-0-0-8240]).

Nimodipine used to be a common drug for the treatment of subarachnoid hemorrhage and the prevention of cerebral vasospasm, but clinical treatment found that this drug can increase intracranial pressure of patients, causing cerebral rebleeding, and cannot well protect brain tissue ([@b3-etm-0-0-8240]). Cinepazide maleate injection (CMI) ([@b4-etm-0-0-8240]) is a new type of drug with brain protection, which can effectively protect central nerve cells, expand cerebral vessels and improve brain microcirculation ([@b5-etm-0-0-8240]). Edaravone ([@b6-etm-0-0-8240]) is a free radical scavenger listed in 2001. It can effectively regulate the expression of apoptosis genes, inhibit lipid peroxidation, prevent oxidative damage of the body, and play a role in vascular protection. It is widely used in the treatment of cerebral infarction, acute cerebral hemorrhage and other diseases ([@b7-etm-0-0-8240]).

Studies have found that autophagy participates in the pathological process of early brain injury (EBI) of subarachnoid hemorrhage and determines the outcome of nerve cells in EBI stage: recovery or repair, aggravation or death. At present, there is scarce research on the protective mechanism of edaravone and cinepazide maleate on SAH ([@b8-etm-0-0-8240],[@b9-etm-0-0-8240]). Therefore, the SAH animal model was established in this study. Edaravone combined with cinepazide maleate was used for intervention, and the effects of expression and neurological function in key autophagy factor Beclin-1 and micro-related protein 1 (light chain LC3)-II were observed to analyze the protective mechanism of edaravone and cinepazide maleate on SAH nerve.

Materials and methods
=====================

### Animal grouping

Eighty clean grade male SD rats weighing 350--450 g were purchased from Nanjing Junke Bioengineering Co., Ltd. They were divided into sham operation group, SAH group, CMI group and edaravone combined with CMI group (combined group). Each group was divided into four time subgroups of 24, 48, 72 and 144 h.

The study was approved by the Ethics Committee of Daqinglongnan Hospital (Daqing, China).

### Model making and treatment

The model of subarachnoid hemorrhage in rats was prepared by classic secondary blood injection method (0.3 ml of autologous arterial blood was injected into occipital cistern with a secondary interval of 48 h). The sham operation group was injected by 0.3 ml of normal saline into the occipital cistern twice, and the other operations were consistent with the SAH group. Criteria for model success: i) When secondary occipital cistern injection was performed, a small amount of hemorrhagic cerebrospinal fluid exuded from the puncture site; ii) when peeling off the brain, it was obvious that bloody liquid was scattered in the basal cistern of the brain floor. CMI group: 100 µg/kg was injected intraperitoneally immediately after SAH model was successfully prepared, and the drug was given once every 24 h. The combined group received edaravone 10 mg/kg via tail vein on the basis of CMI, once every 24 h.

### Observation on morphology and structure of hippocampus in brain tissue

Two rats in each group were taken at each time point. After routine anesthesia treatment, the animals were sacrificed. After perfusion and fixation with 4% paraformaldehyde, paraffin embedding, coronal section, hematoxylin and eosin (H&E) staining a 400-fold optical microscope was used to observe the morphological structure of hippocampal neurons. The number of viable nerve cells in each field of vision were counted, the specific method was as follows: Four slices of rats in hippocampus of each group were taken, 5 non-repeated fields of vision (100 fields in total) were selected from each slice, and Motic-6.0 image acquisition and analysis system were used for analysis, which was expressed by the ratio of the number of viable cells in CA1 area to the total number of cells under the average cell percentage (400×) in each field of vision.

### ELISA detection of protein expression of related factors in rats

Blood was collected from vena cava, left in the greenhouse for 4 h, centrifuged at 4°C and 3000 rpm for 10 min, and serum was collected and split-packed. ELISA kit was used to detect the relative expression levels of protein factors Beclin-1 and LC3-II. Finally, the absorbance (A) value of each sample at 450 nm wavelength was determined by using an enzyme-labeled instrument (to ensure that no water drops existed in the enzyme-labeled bottom plate and no bubbles were generated in the drop holes). After subtracting the A values of TMB blank color development holes from A values of all standard products and samples, the standard curve was drawn with the standard product concentration as the abscissa and the zero-adjusted A value as the ordinate, and the actual concentration of each sample was calculated. Beclin-1 ELISA kit was purchased from R&D Systems, Inc. and LC3-II ELISA kit was purchased from Jianglai Biology.

### Neurobehavioral scoring criteria and inclusion criteria

On the 14th and 28th day after administration, Longa nerve function score and muscle strength score were respectively performed on rats in each group, and the scores were statistically analyzed.

### Longa score ([@b10-etm-0-0-8240])

Neurological examination was divided into 5 grades: 0: normal, no neurological impairment; 1 point: left anterior paw could not be fully extended, with slight neurological impairment; 2 points: When walking, the rat turned to the left (paralyzed side) with moderate neurological deficits; 3 points: When walking, the body of the rat toppled to the left (paralyzed side), resulting in severe neurological deficits; 4 points: unable to walk spontaneously, loss of consciousness.

### Muscle strength assessment ([@b11-etm-0-0-8240])

In order to reduce the error, we conducted two inspections and recorded the best results. The interval between the two inspections was 5 min. The specific method was to add a diameter of 0. A 6 cm nylon rope with a length of 1.0 meters was horizontally fixed at a height of 80.0 cm, and a thick sponge was placed below to prevent rats from falling. Then, the tail was lifted and the forepaws of animals hang in the middle of the rope and the suspension time was recorded to indicate the strength of the forelimbs. The score was divided into 4 grades: 0: hanging on the rope for 0--2 sec; 1 point: hanging on the rope for 3--4 sec; 2 points: hanging on the rope for more than 5 sec; 3 points: hanging on the rope for more than 5 sec and the hind legs could be put on the rope.

### Statistical analysis

This study used SPSS18.0 (Bizinsight (Beijing) Information Technology Co., Ltd.) to carry out statistical analysis on the data. GraphPad Prism 6 software was used to draw all the pictures in this experiment. Chi-square test was used to compare the enumeration data, mean ± standard deviation was used to express the measurement data, T test was used to analyze the two groups, variance analysis was used to compare the multiple groups, and Pearson\'s correlation analysis to analyze the relationship between variables. P\<0.05 was considered statistically significant.

Results
=======

### Comparison of survival rate of hippocampal nerve cells in each group

Compared with the sham operation group, the survival rate of nerve cells in SAH group, CMI group and combined group at each time point was significantly reduced (P\<0.05). The morphological and structural damage of nerve cells in CMI group was alleviated. Compared with SAH group, the number of viable nerve cells in the visual field was significantly increased (P\<0.05). The morphological and structural damage of nerve cells in the combined group was further alleviated, and their survival rate significantly increased at all time points (P\<0.05) ([Fig. 1](#f1-etm-0-0-8240){ref-type="fig"}).

### Expression of Beclin-1 and LC3-11 in rats of each group

The expression levels of Beclin-1 and LC3-11 in SAH group was significantly higher than those in sham operation group (P\<0.05). The expression levels of Beclin-1 and LC3-11 in CMI group was significantly higher than those in SAH group (P\<0.05). The expression levels of Beclin-1 and LC3-11 in the combined group was significantly higher than those in SAH group and CMI group (P\<0.05) ([Fig. 2](#f2-etm-0-0-8240){ref-type="fig"}).

### Correlation analysis between Beclin-1 and LC3-11

Pearson\'s correlation analysis showed that there was a correlation between Beclin-1 and LC3-11 (P\<0.05, r=0.9454). The data of Beclin-1 and LC3-11 were taken from the index level measured in the Joint group for 72 h ([Fig. 3](#f3-etm-0-0-8240){ref-type="fig"}).

### Score of neurological function of rats in each group

Longa score and muscle strength score were performed at days 14 and 28, respectively, of rats in the three groups. The results showed that Longa score in SAH group was significantly higher than CMI group and Joint group, while that in combined group was significantly lower than CMI group (P\<0.05). The muscle strength score of SAH group was significantly lower than that of CMI group and Joint group, and the combined group was significantly higher than that of CMI group (P\<0.05) ([Fig. 4](#f4-etm-0-0-8240){ref-type="fig"}).

Discussion
==========

Subarachnoid hemorrhage is a common brain disease in clinical practice, and it is also a critical disease for life safety of crisis patients ([@b12-etm-0-0-8240]). The main causes of the disease are smoking, drinking, hypertension, trauma, hematological diseases, arterial angioma and other brain diseases ([@b13-etm-0-0-8240]). Patients often suffer from severe headache accompanied by dizziness, nausea, vomiting, pale complexion and cold sweat all over the body. With the aggravation of the disease, headache can radiate to the waist, back, neck and other parts, and even vascular spasm, cerebral infarction and limb hemiplegia in severe cases ([@b14-etm-0-0-8240],[@b15-etm-0-0-8240]). The key to treat the disease is to inhibit hemorrhage, prevent spasm and reduce the occurrence of complications. Cranial nerve autophagy is also an important reason for subarachnoid hemorrhage to harm cranial nerves.

It was found that CMI can reduce neuronal death in hippocampus of SAH rats and reduce neurological recovery disorders in animals, suggesting that CMI has a certain protective effect on EBI of SAH ([@b16-etm-0-0-8240]). Guidolzite maleate is a new type of ophthalmic calcium channel blocker, which can effectively prevent calcium ions from entering cells, relax vascular smooth muscle and dilate blood vessels, thus relieving vascular healing twins, reducing blood flow resistance and increasing blood flow. It can also enhance the content of adenosine and adenosine cyclophosphosphate, reduce oxygen consumption, improve erythrocyte deformability, reduce blood stalk property, increase cerebral blood flow and improve cerebral metabolism ([@b4-etm-0-0-8240]). Previous studies have shown that CMI has a certain neuroprotective effect after treatment of ischemic encephalopathy ([@b17-etm-0-0-8240],[@b18-etm-0-0-8240]). In the state of brain injury, autophagy activation can clear damaged organelles in cells, regulate cell energy metabolism and reduce the degree of cell injury. However, excessive autophagy promotes caspase-3 lysis and aggravate the death of nerve cells ([@b19-etm-0-0-8240]). In this study, the expression levels of autophagy marker proteins Beclin-1 and LC3-11 in CMI group increased. At this time, the survival rate of nerve cells increased. On the one hand, it showed that autophagy activation in EBI stage of SAH had neuroprotective effect, and on the other hand, CMI played neuroprotective effect on SAH by enhancing autophagy degree in EBI stage.

It was found that edaravone had a good protective effect on SAH ([@b20-etm-0-0-8240],[@b21-etm-0-0-8240]). Intracranial blood accumulation after SAH, compression of coagulated blood clots, resulting in ischemia and anoxia, lysis of accumulated red blood cells, further release of superoxide anion and generation of hydroxyl radicals by oxyhemoglobin and increase of generation of oxygen radicals, induce strong oxidative stress reaction and aggravate nerve cell damage ([@b22-etm-0-0-8240]). In this study, Longa score and muscle strength score of the combined treatment group with added edaravone were significantly higher than those of CMI group and SAH group in neurological function score. Neuroprotective agent edaravone mainly prevents and treats the continuous progress of brain injury by scavenging oxygen free radicals and alleviating a series of cascade reactions caused by oxidative stress, which is the main reason for further improvement of the number of surviving nerve cells and nerve function in the combined group. The expression levels of Beclin-1 and LC3-11 in combined group increased further, suggesting that edaravone can strengthen CMI\'s regulation of autophagy activity after SAH. Edaravone can remove a large amount of oxygen free radicals, and the level of collective oxygen-free radicals is kept at a certain level, thus maintaining the moderate expression of autophagy level after SAH.

Collectively, edaravone combined with cinepazide maleate can effectively increase the survival rate of brain cells and promote the volatilization of nerve function in the treatment of hemorrhage in the subretinal space of the omentum, which is worthy of popularization and application.
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![Comparison of the survival rate of nerve cells in hippocampus of each group. Compared with the sham operation group, the survival rate of nerve cells in SAH group, CMI group and combined group at various time points significantly reduced. The morphological and structural damage of nerve cells in CMI group was alleviated. Compared with SAH group, the number of viable nerve cells in visual field significantly increased. The morphological and structural damage of nerve cells in the combined group was further alleviated, and the survival rate of nerve cells significantly increased at all time points. \*P\<0.05. SAH, subarachnoid hemorrhage; CMI, cinepazide maleate injection.](etm-19-01-0646-g00){#f1-etm-0-0-8240}

![Expression of Beclin-1 and LC3-11 in rats of each group. (A) At each time point, the expression of Beclin-1 in combined group was significantly higher than that in the other three groups, and the expression of Beclin-1 in CMI group was significantly higher than that in SAH group. (B) At each time point, the expression of LC3-11 in combined group was significantly higher than that in the other three groups, and the expression of Beclin-1 in CMI group was significantly higher than that in SAH group. \*P\<0.05. CMI, cinepazide maleate injection; SAH, subarachnoid hemorrhage; LC, light chain.](etm-19-01-0646-g01){#f2-etm-0-0-8240}

![Correlation analysis between Beclin-1 and LC3-11. There was a positive correlation of Beclin-1 and LC3-11 (r=0.9454, P\<0.05). LC, light chain.](etm-19-01-0646-g02){#f3-etm-0-0-8240}

![Score of neurological function of rats in each group. (A) At each time point, Longa score of SAH group was significantly higher than CMI group and combined group, Longa score of CMI group was significantly higher than combined group. (B) The muscle strength score of SAH group was significantly lower than that of CMI group and combined group, while that of CMI group was significantly lower than that of combined group. \*P\<0.05. SAH, subarachnoid hemorrhage; CMI, cinepazide maleate injection.](etm-19-01-0646-g03){#f4-etm-0-0-8240}
